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Figure 1. --Typical strip-mined land immediately after
mining.. Ninety-five percent of the strip-mined land
in the Central States can be made productive.

Figure 2.--A reforested strip-mined area used for wood
production and recreation.



CONTEXTS
Page

Introduction . 1

The extent of strip-mining in the Central States. . 2
Strip -mining methods 2
Uses of strip-mined lands 8

Site conditions on strip-mined lands as they affect
forestation practices ' 11

Acidity of spoils 11
Texture of spoil materials . 14

Character of rocks 14
The ratio of "soil" to stone 15
Glacial, loessal, alluvial, and

other deposits 16
Topography 18
Stability 20
Ground cover 21
Basic spoil type 23

Area of strip-mined lands in the Central
States region by acidity and texture
classes 24

Forest planting recommendations. .... 25
Choice of species 25
Season for planting 27
Spacing

.

29
Mixed planting 29
Care of stock and methods of planting ....... 31
Care of plantations

.

. . 32
Direct seeding 32
Exotic species 32

The tentative planting guide ........ 35

Research needs 40

Supplementary publications ..... 40

Suggested reading 42

Appendix 43



EXTENT, CHARACTER, AND FORESTATION POSSIBILITIES OF LAND

STRIPPED FOR COAL IN THE CENTRAL STATES

by

G. A. Limstrom

INTRODUCTION

Approximately 190,000 acres of land have been strip-

mined for coal in the Central States region.-^ 3y this pro-

cess the coal is obtained after removing all overlying soil

and rock strata. Of this strip-mined area more than 95 per-

cent is potentially useful for timber production, agricultural

crops, or recreation. Less than 5 percent is unsuited to

plant growth. These estimates are based on a reconnaissance

made in 1946 and 1947 to determine the region's strip-mined

area and its suitability for plant growth. These survey re-

sults served as a basis for studies to determine possible uses

of strip-mined land. Areas were determined from maps and

aerial photographs made available by landowners and various

state and federal agencies, and verified by field examination.

They include the total land surface from which the coal has

been removed and the unmined lands upon which the excavated

material has been placed. Adjacent undisturbed land surfaces

which may or may not have been affected by these mining oper-

ations are not included.

Large-scale mining of coal by open-pit methods began a

short time before the first World War when the development of

power equipment made feasible the* recovery of coal near the

earth's surface that was not minable by common underground

methods. The total area that can be stripped in the future is

1/ Includes Arkansas, Illinois, Indiana, Iowa, Kansas,
Kentucky, Missouri, Ohio, and Oklahoma.



difficult estimate because of: (1) I-i.ok. of detailed pros-

pecting data; (2) changing social and economic conditions in-

fluencing the industry; and (3) possible technological develop-

ments that may alter the depths to which coal can be recovered

by these methods.

THE EXTENT OF STRIP -MINING- IN THE CENTRAL STATES

Indiana, Illinois, and Ohio have approximately equal

areas of strip-mined land., and together account for about

three-fifths of such land in the Central States region (fig. 3).

Coal has been mined by this method in 123 counties in the

region, extending west from Columbiana County, Ohio, to Wilson

County, Kansas; and south from Marion County, Iowa, to Atoka

County, Oklahoma. These operations are especially concen-

trated in Crawford County, Kansas; Fike County, Indiana; and

Harrison County, Ohio, where 13,734, 10,438, and 8,631 acres,

respectively, have been stripped (fig. 4). These acreages

represent 3.6, 4-7, and 3-2 percent of the total land area of

the individual counties, but in most other counties stripped

land accounts for less than one percent of the total. A

larger area was strip-mined during the past decade than in any

prior decade (table 1).

STRIP-MINING METHODS

Strip-mining is the process of removing a mineral de-

posit after first removing all overlying soil and rock strata.

Various methods have been employed to move the overburden.

Primitive hand picks and shovels were first used along with

animal-drawn slips and scrapers. Later power equipment was

used such as bulldozers, carryalls, draglines, and shovels

(figs. 5 & 6). Toda3'. most operations use pov/er shovels and

draglines having dippers and scoops of 5 to 40 cubic yards

capacity. The first cut, usually 50 to 100 feet in width, is

made at the outcrop line on a hill, or near the property line

2



Table 1.--Estimated area of strip-mined land by state and

age class, 1946

Age of stripping

State ; 1 - 10 : 11 - 20 : 21 or : Not •Total-/
|

ye e r s : years : more : determined

Acres Acres Acres Acres Acres

Arkansas 1,835 600 735 3,170
Illinois 18,4b2 8,488 982 11,888 39,820
Indiana 22,818 13,838 4,541 712 41,909
Iowa 1,747 743 9 2,499
Kansas 13,331 5,911 5,940 25,182
Kentucky 6,220 536 511 7,267
Missouri 9,568 9,927 5,953 48 25.496
Ohio 26,576 7,413 2,224 36,213
Oklahoma 4,3% 1,896 2,026 8. 316

Total 104,951 49,352 22,921 12,648 189,872

1/ The total estimated areas for each state are not
strictly comparable because dates of estimates varied
from October 1945 to June 1947. See tables in Appendix
for dates of estimates made for each county and state.





on level terrain; the overlying material is placed on the

side of the cut opposite the area to be mined. The coal is

then removed with the use of smaller shovels and trucked to

the tipple. Trie material moved in making the second cut is

then dumped into the first. The cutting of successive strips

produces a series of ridges of overturned material. The ridges

or D'iijks on different operations vary, in slope and height de-

pending on v/idth of cut, thickness of overburden above the

coal, character of rocks, and kind of equipment. The final

cut leaves a depression, whose size is dependent upon the

length, width, and depth of the cut. On one side is the ridge

--on the other is the "high-wall" or bluff marking the edge

of the final strip. Water is frequently impounded in these

depressions. Where water levels are maintained above toxic

materials in the adjoining high-walls, the lakes thus formed

usually provide good habitats for game fish and an opportunity

for recreational development.

The overburden Df most coal fields is nearly always

composed of two or more soil and rock strata, each of which

differs from the others in hardness, texture, thickness, and

chemical content. For example, in a single cut the overburden

may consist of topsoil and varying thicknesses of glacial till,

loess, limestone, sandstone, clay, sand, thick-bedded silty

shale, and thin-bedded shale. Some of these strata are sandy

in texture, some loamy, and others clayey. Many banks result-

ing from stripping may contain hard, massive rocks, requiring

long periods to weather into soil-sized particles. Others may

be so soft and poorly cemented that disintegration is rapid.

Strata vary in chemical reaction; some are calcareous, some

acid. Others, such as the pyritic shales, may contain enough

sulphur to be toxic to plants. Hundreds of chemical analyses

on many stripping operations show that many of the strata

overlying coal seams are rich in mineral elements essential

to plant growth. One important exception is nitrogen, which

is normally added to the soil through rainfall, through the

- 5 -



Figure 5. —Strip-mining by power shovel methods accounts
for more than 50 percent of the area stripped for coal

in the Central States.

Figure 6. --Dragline methods of strip-
mining are also common.

- 6 -



2

Figure 7.—Sample "high-wall", showing the diversity of
strata overturned and mixed in a stripping operation for
the No. 7, Upper Freeport Coal, in Columbiana County,
Ohio. The vertical scale is indicated by ten-foot
intervals between the black lines. The numerals in the
photograph refer to strata numbers as described in the
following tabulation:

Stratum
number

1
2

Stratum description

Soil (Wooster loam )

Subsoil, (brown sandy
loam, with some shale
and well-rounded glacial
stones) 1
Outcrop, (Mahoning coal ) 1

Clay (dark gray, carbon-
aceous, shaly) $

Sandstone, (grayish
brown massive) 13
ohal^, (grayish to brown,
silty, thin-bedded, hard,
mixed -,/ith fragmental
sandstone) 22
Upper Freeport Coal

Thick -

ness
iFtU

0.5

Acid -

ity
(PH)

6.3

5.2
4.7

U.5

5.8

6.1

Avail -

able
phos -

phorus

Medium

Medium
Low

Low

Medium

High

Avail -

able
potas -

sium

Low

Low
Low

Low

Low

Low
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nitrogen-fixing bacteria of leguminous plants, and through

the action of other bacteria and fungi.

In the excavation process, materials of the overburden

are mixed so that the resulting spoil surfaces often vary

considerably in texture, in proportion of soil and stone, in

character of rock, in acidity, and in fertility. It should

therefore be recognized that strip-mined lands are more vari-

able in composition than the surface soil of undisturbed lands

.

USES OF STRIP-MINED LANDS

More than 33,000 acres of strip-mined lands have been

planted to forest tree species. This acreage includes only

those forest plantations that were judged to be initially

successful at the time of reconnaissance. More than 18,000

acres have become adequately forested through natural seeding

(fig. 8). Approximately 55,000 acres are covered with weeds,

grasses, shrubs, and legumes; some of this area is used as

pasture, orchard, and for other agricultural purposes. Almost

one-half of the area is barren, largely because it has been

recently stripped. Many strip-mined areas are being used for

fishing, bathing, and other recreational purposes, such as

parks, game refuges, picnic areas, and campgrounds. Some are

being developed for residential purposes, and in most states,

the older banks are favorite locations for berry picking.

- 8 -



mined lands in Jackson County, Ohio.
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Table 2.

—

Yegetat lonal cover of sfrrlp-alned laada

State ' Barren Herba-
ceous

Forest

Natural
; Planted

'

Date
of

•sti-
ina ta

Acres Acres Acres Acres Acres
Arkansas
Illinois
Indiana
Iowa
Kansas
Kentucky
Missouri
Ohio
Oklahoma

1,549
12,114
11,103
1,503

10,150
5,924

11,944
22,654
4,782

924
15,684
4,709

834
9,362

938
10,840
9,744
2,759

693
2,235
7,049

146
3,345

384
2,521
1,710

563

4
9,787

19,048
16

2,325
21

191
2,105

212

3,170
39,820
41,909
2,499

25,182
7,267

25,496
36,213
8,316

1947
1946
1947
1947
1946
1947
1946
1945-46
1946

Total 81,723 55,794 18,646 33,709 189,872

- 10 -



SITE CONDITIONS ONT STRIP -MINED LANDS AS THEY

AFFECT FORESTATI ON PRACTICES

Mejiy site conditions have a bearing on the suitability

of strip-mined lands for forest planting. The most important

of these are:

1. Acidity of spoils.

2. Texture of spoils, including:

a. The general character of rocks in the

overburden.

b. The proportion of "soil" to stone.

c. The presence or absence of glacial, loessal,

and alluvial deposits.

3. Topographic conditions, such as slope, aspect,

and the degree of leveling.

4. Stability, such as erodibility, slipping, and

settling

.

$. Character and density of vegetation.

The first two conditions — acidity and texture — are

the most important, and can be considered the basic factors

that determine plantability and the potential productivity of

spoils. The other conditions have important effects on the

time or "readiness" for planting, and on the choice of species

and kind of stock to be used.

ACIDITY OF SPOILS

Tn determining the best use of strip-mined lands, the

acidity of the surface material is, perhaps, the most impor-

tant single site factor to consider. In considering the

effect of aciiity on plant behavior, three broad ranges in

acidity, based on pH values, are generally recognized:

1. Toxic range , where the pH is less than 4.0. Under

toxic conditions, little or no plant growth is

possible. A pH of less than 3*8 is lethal to most

of our common plants.

- 11 -



2. Acid, or "sour" range , where the pH is from 4.0
to 6.9- Many plants thrive on acid soils, but
preliminary studies on strip-mined banks lead to

the belief that merchantable crops of timber cannot
be produced on banks with pH values from 4.0 to

4-5. Much more research is needed to determine
growth possibilities of specific species in this
range, and until conclusive results are obtained,

it may be desirable to establish plantations for
wood production on those areas where the pH values
arc generally above 4.5.

3« Calcareous, or "sweet" range , where the pH is 7.0
or more. Calcareous soils are suitable for the

growth of a wide variety of plants.

The acidity of the surface of spoil banks varies de-

pending upon the nature of stripping operations. In some in-

stances the overturned strata, each differing in pH value,

give a rather uniform mixture, in others a patch-wise mixture

results. A bank entirely calcareous, acid, or toxic is rare

indeed. In view of this fact, a practical classification of

these lands for forestation requires a recognition of these

varying conditions of acidity. The acidity of strip-mined

lands has therefore been classified as follows:

1. Toxic Banks . These are banks having more than 75

percent of the surface area classified as toxic.

Patchy areas not toxic are so small and scattered

that no separate treatment is practicable. Since

toxic banks are not plantable , it is fortunate that

the percentage of strip-mined lands in this con-

dition is relatively small (fig. 9).

2. Marginal Banks . Fifty to seventy-five percent of

the area of these banks is toxic, the remainder

being acid, calcareous, or mixed. Marginal banks

may not be suitable for timber production, but

- 12 -



the scattered areas which are not toxic can be

planted for soil improvement, erosion control,

wildlife, or aesthetic purposes.

3. Acid Banks . More than 50 percent of the area of

these banks is acid. Much of the strip-mined land

in the region is in this class, and can be forested

with a wide variety of conifers and hardwoods.

4. Calcareous Banks . More than 50 percent of the sur-

face area is calcareous. Such banks can be planted

to a large variety of hardwoods and some conifers,

and include most of the strip-mined lands of agri-

cultural value.

5. Mixed Banks . As the name indicates, these banks

are so mixed that no acidity class is predominant.

By definition, less than 51 percent of the area is

acid, less than 51 percent calcareous, and less

than 50 percent toxic. In other words, patches of

toxic, acid, and calcareous areas are about equal

in size, and of such proportions that the area can-

not be placed in any of the foregoing classes. The

reclamation of mixed banks for agricultural, forest,

or aesthetic purposes should vary with the distri-

bution of these acidity classes on each area. For-

est planting should be limited to those species

that are adaptable to both acid and calcareous

condi tions

.

- 13 -



STATE: PERCENT OF TOTAL AREA STRIPPED

100

TOXIC MARGINAL ACID CALCAREOUS MIXED

Figure 9. --Proportion of area of strip-mined land in acidity
classes, 1946.

TEXTURE OF SPOIL MATERIALS

Character of Rocks

The character of materials making up the spoil sur-

faces has an important effect on plant growth and ultimate

soil development. These materials include the sands, silts,

and clays, as well as sandstone, shales, and limestones. The

variation in texture, acidity, and fertility of the spoil

surface depends upon the amount of different kinds of rock

overturned in the stripping operation. Textural classifica-

tion of strip-mined lands, therefore, cannot be so simple,

exacting, and detailed as for soils, which are usually de-

rived from relatively uniform parent material. However, cer-

tain broad textural classes of spoils are recognized and

grouped as follows:

- 14 -



1. Sands . Sandy spoils are composed principally of

sand, sandstone, and sandy shales. Small scattered

areas of other rocks 'nay sometimes be found in

sandy spoils. Sandy spoils are coarse-textured,

drain rapidly, and have low water-retaining capac-

ity. They are usually low in fertility and are

generally suitable only for the growing of conifers

and a few drought-resistant hardwoods.

2. Loams and Silty Shales . These are spoils composed

mainly of loamy material and silty shales. More

than 70 percent of the area of strip-mined lands

in the regi.n was found to be in this class (table

3). These banks usually contain enough silt ana

clay to provide ^ood water-retaining capacity,

tneroby racing the general level of fertility.

The high rr: portion of silty shale tends to provide

good aeration and drainage.

3. Clays . Clay spoils are composed largely of clay,

the remaining materials being limestones, clay

shales, or silt derived from loessal deposits. The

clay spoils usually have high fertility and water-

retaining capacity, but because of the high pro-

portion of silt and clay sre poorly drained and

aerated. The impervious charecter cf such banks

tends to make them water-logged when leveled.

The Ratio o f "Soil" to Ston e

The proportion of soil-sized particle::: (2 mm. or less

in diameter) in the spoil material greatly influences the suc-

cess of forest plantations. The ratio cf son to stone is

important in considering the choice of species for planting,

because of its effect on available soil moisture, aeration,

and drainage. Water-holding capacity increa; .-s and inter-

nal drainage decreases as soil percentage increases through

- 15 -



weathering. Initial survival ana growth of plantations have
been found to be directly related to this percentage of fine
material in spoil surfaces. It may be the principal single
criterion for determining the choice of dry-site or moist-
site species.

Because of the absence of vegetation on newly formed
banks, weathering proceeds mainly by two natural processes,
physical disintegration and chemical decomposition. In spoil
materials, physical disintegration is generally rapid during
the first three to five years after stripping, and then pro-
ceeds at a very slow rate. Chemical decomposition is exceed-
ingly slow, forming a relatively small proportion of soil each
year, The determination of soil percentages made after the
initial period of rapid disintegration will therefore provide
a fairly reliable measurement of this site factor for a number
of years.

Much more research is needed on rates of weathering in
relation to the soil conditions that will ultimately prevail
on a given site. Current and proposed investigations, if

carried out for a number of years, aim to show soil percentage
requirements for species suitable for planting on spoils as
well as to ascertain proper "waiting periods" for planting
on each site. Based on results obtained to date, only species
adapted to dry sites will give good initial survival on bants
with less than 50, 40, and 30 percent soil in the sandy, loamy,
and clayey texture classes respectively.

Glaci al, Loessal, Alluvial, and Other Deposits

The influence of deposits resulting from glaciers,
wind

, and water on the plantability of strip-mined lands is

indirect, in that their effects relate chiefly to the percent-
age of soil, acidity, texture, and erodibility of bank sur-
faces. Thick mantles of glacial till, loess, and alluvium
increase the proportion of soil, and thereby generally improve

- 16 -



Figure 10. --Soil percentage affects choice of species.
Note difference in survival and height of jack pine
planted on left bank with 60 percent soil and on right
bank with 25 percent soil. Clay County, Indiana.

Figure 11. --Sliding action of stone and low percentage
of soil make this a poor site for yellow poplar and
black walnut. Saline County, Illinois.

- 17 -



site conditions and accordingly affect the choice of species

for planting. Valley stripping usually results in more soil

in spoil surfaces than hillside stripping, because of the

greater proportion of alluvium in the overburden. Because of

the high silt content of loess, banks having a high proportion

of this material are often subject to more gullying than
others. The character of glacial till is variable, but where

a high proportion of gravel 'and stone occurs spoil surfaces

are usually coarse-textured and porous with good drainage

„

TOPOGRAPHY

The general effects of topography on survival and de-

velopment of plantations are well known, and are essentially

the same for strip-mined lands as for other lands. The gen-

eral configuration of undisturbed spoils is a succession of

small ridges, a short distanoe apart, single ridges with two

large slopes, or a series of conical spoil piles. Recent

studies have indicated that survival and growth for some spe-

cies are much better on the relatively moist lower slopes than

on the tops of ridges and upper slopes (fig. 12). Important

species which are adapted to moist sites include white ash,

yellow poplar, black walnut, catalpa, basswood, white oak,

black locust, cottonwood, and sycamore. Oftentimes some of

these species, including pines, grow equally well on both

lower and upper slopes. This is due to excellent moisture

conditions on bank tops, made possible by the right kinds of

weathered materials. More, studies are needed to show con-

clusively which species are best to plant on given kinds of

site «,

Comprehensive tests to determine the survival and

growth rates of trees planted on leveled strip-rained land

have already been established. Continuing observations and

measurements will be needed before conclusive results can be

obtained, The evidence to date on all of the sites studied,

indicates no beneficial effects of leveling, and further

- 18 -



Figure 12. —Effect of topographic location on the
growth of catalpa, Barton County, Missouri.
A. Twelve-year old catalpa on bottom and lower
slopes. B. Same plantation on ridge top.
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indicates detrimental effects on the growth of trees planted

on leveled banks containing a high proportion of clay. For

leveled sandy banks and for leveled loamy banks with a high

proportion of stone, the choice of species may be similar to

"that for unleveled banks of these textures. On the contrary,

leveled banks with high clay content should be planted with

only those species capable of tolerating compact, water-logged,

and impervious soils.

STABILITY

The degree to which spoils have settled or become stable

must be considered in selecting tree species for planting.

Also, the time required after stripping to attain stability

sufficient for planting is important. The erodibility of

strip-mined lands varies considerably with the textural make-

up of surface materials. Spoils composed chiefly of sand or

silty loess, for example, are much more subject to gullying

than loamy spoils containing a large proportion of shale.

Banks which are apt to be erosive should be stabilized by

planting black locust, or, where soil conditions are appro-

priate, by seeding to such forage species as grass and sweet

clover. If a timber stand is desired, other species oan be

planted after the banks have been stabilized.

In stripping operations the spoils created are some-

times placed on steep hillsides exceeding 60-percent grades,

or placed in steep piles with slopes greater than 70 percent.

If there is a distinct cleavage between these piles and the

earth benea th--of ten detected by the seepage of water--the

entire spoil mass may slip downward. Such slipping usually

occurs within a few yesars after the stripping operation.

Therefore areas of this kind --including the area below the

stripping-- should not be planted until at least five years

after mining.

- 20 -



Occasionally banks are composed almost entirely of

loose flaky shale or large stones, and have little or no soil.

These loose materials are continually sloughing or sliding

downward. Because of the low soil percentage and the cutting

action of sliding stone, such sites are poor planting chances.

They should be left unplanted until the banks become reason-

ably stable.

GROUND COVER

The character and density of vegetation on strip-mined

lands- have considerable influence on the initial survival and

growth of planted trees. The detrimental effects are due

mainly to shading and excessive moisture loss. The relative

importance of these effects varies aocording to local climate

and kind of bank. On strip-mined areas west of the Missis-

sippi River, where extreme drought in late summer is of common

occurrence, soil moisture may be the limiting factor. On

these areas the use of well-balanced planting stock is es-

pecially important. Banks supporting heavy sod or dense growth

of legumes and weeds should, perhaps, be scalped at the time

of planting, that Is, all vegetation should be removed within

a radius of approximately one foot from each planted tree.

Well-balanced hardwood stock with 10- to 12-inch tops is recom-

mended for such planting areas.

East of the Mississippi, rainfall is usually well dis-

tributed throughout the year. Consequently a dense growth of

weeds and grasses develop on some banks. Small planting stock

on these situations often sustain severe losses due to over-

topping. For areas of this kind planting of large one-year-

old hardwood stock will also give best results.

Some owners may wish to underplant strip-rained areas

having brushy covers or having scattered trees of poor quality

or undesirable species. Large stock of such species as yeMow
poplar, white ash, white oak, bur oak, hard maple, and basswood

- 21 -



Figure 13.—Where ground cover is dense, survival and
development of pine plantations is usually poor.
Jackson County, Illinois.

Figure 14. —Effect of spoil bank leveling on growth of
silver maple. Area in foreground has been leveled,
bank in background has been left undisturbed. Both
areas planted at the same time. Fulton County, Illinois,

- 22 -



should be used on these areas. Planting of pine in such areas

will usually fail unless the overtopping vegetation is con-

tinually removed (Fig. 13).

BASIC SPOIL TYPE

The two site factors of greatest importance—acidity

•and texture—are combined to form the basic spoil types (table

3). More than 104 thousand acres, dr 55 percent of the spoil

area in the region, is made up of acid loams and silty shales

(spoil type 3-B). Similarly, 26 thousand acres, or 14 percent

is calcareous clay (spoil type 4-C). Recommendations for

forest planting on spoil banks, given later in this paper,

are based on the basic spoil types shown in table 3.

- 23 -
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FOREST PLANTING RECOMMENDATIONS

Before planting, the landowner should consider the

species adaptable to the proposed planting area. He will

also want to decide upon the main purpose of his planting.

In establishing forest plantations on spoil banks, the owner

must carefully consider the following factors: (1) choice, of

species; (2) season for planting; (3) spacing; (4) mixed

planting; (5) care of stock and methods of planting; (6) care

of plantations; (7) direct seeding; (8) exotic species.

CHOICE OF SPECIES

The species suitable for various kinds of planting

sites are given in the tentative planting guide (pp. 35-39).

The species recommended for an area are usually native to it,

or are not too far removed from their natural range. A few

species, particularly conifers, have been successfully planted

far from their usual geographical ranges. Shortleaf pine

plantations have been severely damaged by winterkilling when

planted north of its natural range. In general, it is prob-

ably safer to plant northern pines farther south and eastern

pines farther west of their natural range than it is to plant

southern pines to the north of their native habitat. Some

exotic species give promise for the production of certain

small forest products -- Christmas trees, pulpwood , and posts

--but data are insufficient for specific recommendations.

The recommendations in the planting guide are tentative,

but should prove useful until further research determines the

adaptability of species to the many conditions prevailing on

strip-mined lands. They are, however, based on all studies

and observations to the present time, and should help to re-

duce the number of plantation failures due to improper species

selection for a given site. Conifers and hardwoods are listed

separately in the planting guide, and the species in each group

are given in the order of preference.
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In the choice of species, consideration should be
given to the main purpose of the planting. Some of the ob-
jectives of forestation on strip-mined lands are:

!• Soil improvement and erosion control.—Ttenan rr black

locust has proved superior to other species for
erosion control, no other species is listed for this

purpose. It is, moreover, one of the best species
for soil improvement, since bacteria associated
with its roots add nitrogen to the soil Because
nitrogen is an element deficient in most spoils,
and necessary for plant growth this factor is im-
portant. If tree planting is not desired on-

a

given area, some grasses and legumes can often be

seededo

2 » Wildlife, recreational, and aesthetic planting.
Although the planting guide was designed mainly
for plantings to produce wood, the species recom-
mended can be used in plantings for recreation,
landscape beautification, and the creation of wild-
life habitats Many other species can provide
food for game birds and mammals, but they have not
been listed because they have not been planted
widely enough to warrant specific recommendations.

3. Wood, production. --The following species can be

planted on strip-mined lands in the Central States
for the production of wood products. The species
are listed in order of preference, for each use.

Mine props - black locust, oak, ash, red elm,

sycamore, other hardwoods, and pines. In
the selection of black locust for wood pro-
duction, great care should be taken to de-

termine the possibility of trees reaching
merchantable 'size before being damaged by
the locust borer. The only known means by
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which t lis can be determined is by examina-

tion of existing black locust stands on areas

in the same locality having site conditions

similar to the area to be planted. Very few

plantations of this species in Indiana and

Illinois have reached merchantable size

without some damage by the borer. On the

other hand, most plantations of black locust

on strip-mined lands in Missouri, Kansas,

and Oklahoma have escaped injury, and are

yielding substantial quantities of fence

posts in eight to ten years.

Fence posts - black locust, red cedar, Osage

orange, catalpa, and pines.

Christmas trees - red, jack, white, Scotch, and

Virginia pines
;
Norway spruce, and red cedar.

Pulpwood - cottonwood, soft maple, pines.

Lumber, handle stock, etc. - yellow poplar,

black walnut, pine, white ash, green ash,

red gum, oaks, sycamore, black cherry, Osage

orange, red elm, cottonwood, maple, bass-

wood, red cedar.

SEASON FOR PLANTING

Spring planting, preferably before new growth, starts,

is recommended. Fall plantings in this region, unless pro-

tected by tall grasses or weeds, are frequently subject to

damage from winterkilling and frost-heaving. On spoils with

considerable silt and clay, the losses from frost-heaving are

often excessive. On sandy or loamy spoils, especially if

well-balanced stock is used, fall planting may be successful.

The use of tall, spindly, top-heavy coniferous stock, especial-

ly, should be avoided. From the standpoint of work-load dis-

tribution, some fall planting may be desirable.
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Figure 15. —Red oak plantation, eight years old, on outer
bank consisting mainly of glacial till and loess, neutral
to slightly acid, 90 percent soil. Saline County, Illinois
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SPACING

The proper spacing for plantations is still a contro-

versial issue on undisturbed land as v/ell as on strip-niined

land. There is probably no fixed spacing that is ideal for

all species under all conditions and for all purposes. For

planting on spoils where wood production is the main objec-

tive, a spacing of 7 by 7 feet appears to be about the most

practicable. This spacing gives the horizontal distance be-

tween trees, not the slope distance, and results in about 890

trees per acre. Where the planting is made chiefly for aes-

thetic purposes or for growing Christmas trees, closer spacing

of slow-growing species such as pine and red cedar may be ad-

visable. The 6- by 6-foot and 5- by 5-foot spacings require

1,200 and 1,750 trees per acre, respectively. Close spacing

may also be. desired if erosion control is the chief purpose

for the planting. An 8- by 8-foot spacing may suffice for

those species that do not develop a branchy form at an early

age when planted at wide spacings, especially where replanting

of failed spots is planned. Wide spacings, such as 8 by 8

feet may also be satisfactory on exceptionally good sites,

such as those banKs containing a high proportion of soil to

stone, and having a pH range between 6.0 and 8.0.

MIXED PLANTING

In general, mixed plantings of several species are more

desirable than pure plantings of one species, because of the

greater protection from insect and disease attacks, and the

benefits of site improvement. Furthermore, if the season of

planting is less favorable to one species than to another,

mixed stands offer less likelihood of complete failure. In

mixed stands containing black locust, the growth of the other

hardwoods is greatly stimulated. This increased growth rate

is so outstanding that mixed plantings including black locust

are recommended. Species other than locust should be tolerant
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to the locust shade. Mixing conifers with locust is not gen-

erally recommended unless mixed by groups. The diagram

below suggests several arrangements for the mixed planting

of black locust, with other hardwoods. Each n L" represents

one planted black locust; each "0" represents one planted tree

of other hardwoods.

75% Black Locust, 25% Other Hardwoods

L L L L L. L
L L L L L
L L L L L L
L L L L L
L L L L L L

50% Black Locust, 50% Other Hardwoods

L L L L L L L
L L L L L L
L L L » L - L L
L L L L L L
L L L L L L L

25% Black Locust, 75% Other Hardwoods

L L
L

L L
L

L L

Hardwood plantings should contain 50 to 75 percent

black locust. The species can be planted alternately within

each row or in alternate rows. In a 75-percent mixture, three

rows of black locust can be alternated with a single row of

the other hardwoods or can be mixed in the row. In mixed

plantings the species can be changed with varying site con-

ditions. For example, in a mixture of black locust, with chest-

nut oak and yellow poplar, the latter species can be planted

in the bottoms or on lower slopes and the oaks planted on the

ridge tops and upper slopes.

In planting mixed conifers the species should ordinar-

ily be grouped wherever growth rates and light tolerances . of
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the mixed species are different. Not less than three rows of

one species should be alternated with not less than three

rows of another conifer. For Christmas tree planting, however,

random mixtures are satisfactory and easier to handle in the

planting operation. Random mixtures are also satisfactory

where selective thinnings and other intermediate cuttings are

planned. Alternate rows of conifers in mixed plantings are

not generally considered good practice and should be avoided.

CARE OF STOCK AND METHODS OF PLANTING

„ Rules to be followed in the care of stock are gener-

ally the same in planting strip-mined lands as for general

reforestation practice. Because improper handling of stock

has resulted in many plantation failures, the importance of

proper care of trees before planting is emphasized. Roots of

tree3 should be protected from drying, exposure to direct sun-

light, or heating in tightly packed bales for long periods.

Extreme care of planting stock is a "must" from the time the

trees are lifted in the nursery until planted in the field..

Two generally used methods of planting are recommended

for foreetation of strip-mined lands, the bar-slit method,

and the side-hole method, using grub hoes or mattocks.

More general use of the bar-slit method, where it is

adaptable, will materially reduce planting costs. On favor-

able sites a trained crew will usually plant one-and-one-half

to two times as many trees per day as by the mattock or hoe

methods. The bar-slit method is applicable to those spoils

where the bar can be thrust easily into the bank with little

or no foot pressure, and where the resulting slit can be com-

pletely closed after planting by another thrust of the bar.

.The method is applicable to most of the sandy and loamy spoils

containing a large proportion of shale. It is not applicable

to heavy clay spoils nor to stony spoils.

Where the bar-slit method of planting is not practi-

cable, the side-hole method using long-bladed grub hoes or
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mattocks should be used. Tests conducted on strip-mined areas

have shown these two methods to have a survival and develop-

ment rate equal to those of slower and more costly methods.

CARE OF PLANTATIONS

Most plantations need some care and protection during

the period of their development. During the first two years

after establishment some may need release from overtopping

vegetation, and all should be examined periodically to deter-

mine the need for release and to note any damage from diseases

or insects. Protection from fire and grazing, by livestock is

als~o necessary.

DIRECT SEEDING

Successful establishment of trees by direct seeding

on stripped lands has been limited so far to heavy-seeded

species guch as black walnut and oaks. Current tests are

showing that the direct seeding of light-seeded species re-

sults in considerable loss from erosion. The most promising

species for direct seeding appear to be black walnut, and bur,

red, and chestnut oaks.

EXOTIC SPECIES

Although not recommended for general use, some land-

owners may wish to use Scotch pine for Christmas trees. This

species can, in general, be planted on those sites where jack

pine is recommended. Ailanthus may occasionally be planted

for pulpwood production. It spreads rapidly by natural regen-

eration and may be difficult to eradicate from areas it has

invaded. Some natural stands of this species have been ob-

served on strip-mined lands, and it has been found well suited

to all nontoxic sites. Good growth can be expected if planted

on the loamy or clayey spoils.
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The European and Japanese larches have made good growth

on strip-mined lands in Pennsylvania and Indiana. Too little

is known of the site requirements of these species to make

definite recommendations, but both appear well adapted to

sites having a pH between 5.0 and 7.5,' even on poorly drained
situations.
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Figure 16.—Green ash plantation, nine years old,
average height 15-20 feet. Seventy percent soil,
20 percent calcareous shale, 10 percent sandy
shale. Knox County, Illinois.
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THE TENTATIVE PLANTING GUIDE

The tentative planting guide that follows recommends

tree species for planting on the principal spoil types. Part

I recommends species for planting on sandy spoils in the vari-

ous acidity classes. Parts II and III recommend species for

the loamy and clayey spoils respectively. Part IV enumerates

special conditions not occurring generally on strip-mined

lands, but which need consideration where they do exist.
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PART I--TENTATIVE PLANTING GUIDE

This part o.f the tentative planting guide suggests species for reforest-
ation of strip-mined lands in the Central States that are predominantly
sandy, with or without sandstone and sandy shales, and with lesser pro-
portions of silty shales, limestone, silt, or clay.

Species recommended for planting
Acidity class (Restricted to areas within or near natural range)

soil on spoil surface 51-100$ soil on spoil surface

Jack, red, shortleaf, Jack, red, white, shortleaf,
Acid Virginia pinea Virginia, pitch pines

More than Mixtures with black locust: Mixtures with black locust:
5056 of area chestnut oak, bur oak, bur oak, red oak, white and
with pH of cottonwood, green ash green ash, chestnut oak,
k - 6 Q

maple

Red cfidar. iark tpc\ lieu, ucuax
^ Jetoil y icllj WUlXC

j

Ti*i TIP fl 1^*1 "f" f* Vl 1^^ MOO
jji. ion pines

l/HiturPB vi +Vi MflpW 1 nrn<?t •
1*1 .LA lurtJo W± Oil D-La-Cit lOCUoX.

Mot© than cottonwood. Bvcamore "hiiT" rtwlr r* n't" "hriTTwnnH rj-V» *( +-o

50^ of area find aryppri oah BV^flmrtTA fv»*3

with pH of gum, red elm, silver maple,
7 or
higher

Group mixtures: red Group mixtures: red cedar,
Mixed cedar, jack, red, short- red, jack, shortleaf, pitch

leaf pine 8 pines
Areas with
patches of Mixtures with black locust: Mixtures with black locust:
varying chestnut oak, bur oak, chestnut oak, bur oak,
acidity-

-

cottonwood, green ash, cottonwood, sycamore, red
see text, sycamore gum, silver maple, yellow

Pg. 13 poplar

8ae, Part IV for special conditions not applicable to all strip-mined lands, bu
which affect planting recommendations where they occur .
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PART 1 1 --TENTATIVE PLANTING GUIDE

This part of the tentative planting guide suggests species for reforestation
of strip-mined lands in the Central States that are predominantly loamy with
a greater proportion of silty shales, and with lesser proportions of sandstone,
limestone and clay.

Species recommended for planting

Acidity class (Restricted to areas within or near natural range)

0-40$ soil on spoil surface kl-lOOffo soil on spoil surface

Acid

More than 50#
of area with
pH of 4.0-6.9

Jack, red, shortleaf,
Virginia, pitch, ponderosa
pines

Mixtures with black locust:
chestnut oak, cottonwood,
sycamore, "bur oak, green
ash •

Jack, white, shortleaf,
Virginia, pitch, loblolly,
red, ponderosa pines

Mixtures with black locust:
cottonwood, sycamore, yellow
poplar, black walnut, red
gum, red oak, white ash, green
ash, silver maple, white oak,
Osage orange, basswood
(linden), hard (sugar) maple

,

black cherry

Calcareous

More than
of area with
pH of 7.0 or
higher

Bed cedar, red, Virginia,
pitch pines

Mixtures with black locust:
cottonwood, sycamore, red
oak, bur oak, green ash

Red cedar, white, red,, pitch,
loblolly, ponderosa pines

Mixtures with black locust:
yellow poplar, black walnut,
cottonwood, sycamore, red
gum, red oak, white aah,
green ash, silver maple, white
oak, Osage orange, hasawood
(linden), hard (sugar) maple,
black cherry, red elm, rock
elm

Mixed

Areas with
patches of
varying acid-
ity—see text,

Pg. 13

Group mixtures: Jack pine,
red cedar, red, shortleaf,
Virginia, pitch, ponderosa
pines

Mixtures with black locust:
chestnut oak, cottonwood,
sycamore, red oak, bur oak,
green ash

Group mixtures: red cedar,
white, red, shortleaf, pitch,
loblolly, jack, ponderosa pine

a

Mixtures with black locust:
yellow poplar, black walnut,
cottonwood, sycamore, red gum,
red oak, white ash, white oak,
Osage orange, basswood (linden),
hard (sugar) maple, black
cherry, red elm, rock elm, green
ash, silver maple

See Part TV for special conditions not applicable to all strip-mined landa^ bjat

which affect planting recommendations where they occur .

- 37 -



PAET III- -TENTATIVE PLANTING GUIDE

This part of the tentative planting guide suggests species for reforest-
ation of strip-mined lands in the Central States that are composed pre-
dominantly of clay or silt, with or without limestone and clay shales, and
with lesser amounts of sand, sandstone and silty shales.

Species recommended for planting
(Restricted to areas within or near natural range)

0-30$ soil on spoil surface 31-100$ soil on spoil surface
Acidity class

Acid

More than 50$
of area with
pH of 4.0-6.9

White, lohlolly, pitch,
ponderosa pines

Mixtures with black locust:
cottonwood, sycamore, red
oak, red gum, chestnut
oak, bur oak, green ash

Mixtures with black locust:
cottonwood, sycamore, yellow
poplar, black walnut, red gum,
white ash, green ash, silver
maple, hard (sugar) maple,
basswood (linden), white oak,
Osage orange, red elm, rock
elm

Calcareous

More than 50$
of area with
pH of 7.0 or
higher

Eed cedar, white pine

Mixtures with black locust;
cottonwood, sycamore, red
oak, red gum, bur oak,
green ash

Mixtures with black locust:
cottonwood, sycamore, yellow
poplar, black walnut, red gum,
white ash, green ash, silver
maple, hard (sugar) maple,
basswood (linden), white oak,
Osage orange, black cherry,
red elm, rock elm

Mixed

Areas with
patches of
varying acid-
ity—see
text, pg. 13

Group mixtures;
white pine

red cedar,

Mixtures with black locust;

cottonwood, sycamore, red
oak, red gum, chestnut
oak, bur oak, green ash

Mixtures with black locust:
cottonwood, sycamore, yellow
poplar, black walnut, red
gum, white ash, green ash,
silver maple, hard (sugar)
maple, basswood (linden),
white oak, Osage orange,
black cherry, red elm, rock
elm

See Part IV for special conditions not applicable to all strip-mined lands ,

but .which affect planting recommendations where they occur.
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PART IV- -TENTATIVE PLANTING GUIDE

This part of the tentative planting guide discusses special conditions not
occurring generally on strip-mined lands, but which need consideration
where they do exist.

1. Toxic areas . A few banks may have more than 75 percent of the surface
area with a pH of k.O or less; this means that less than 25 percent
of the area is not toxic, but these areas are usually so. small and
scattered that the entire bank should be considered nonplantable

.

2. Marginal areas . These are banks where 50 - 75 percent of the surface
area is toxic; the toxic areas are not plantable, but the remainder
may be planted according to its classification as grVen in Parts I,

II, and III. Such areas may ndt be suitable for timber production in
their present condition, but planting for erosion control, soil im-
provement, wildlife, and aesthetic purposes is desirable.

3. Areas subject to severe gully erosion . For these areas planting of
black locust, either pure or with small percentages of other hardwoods,
is recommended. Where merchantable stands of black locust are not
obtainable, underplanting with other hardwoods may be desirable, after
spoil surfaces have been stabilized.

k. Leveled and partially leveled areas . For areas that have been leveled
use the same species as recommended in Parts I, II, and III, where
sites are in the sandy and loamy categories. If the area has a high
proportion of clay, with little or no sandstone and shale, restrict
species to white ash,- green ash, black locust, sycamore, hard maple.

5. Areas subject to slipping and sliding . These are areas where spoils
have been placed on original slopes with greater than 60 percent
grades, or spoils which are piled in ridges having more than 70 per-
cent grades. Slipping and sliding usually occur within a few years
after stripping. Areas where this may occur should not be planted
until five y^ars after stripping.

6. Areas with dense ground cover . These are areas having a dense cover of

legumes, grasses, and weeds. On these areas use the best grades of

planting stock; for most species this means large, well-balanced seed-

lings or transplants. For areas Of this kind west of the Mississippi
River, it may be desirable to "scalp" spots two feet square before
planting each tree. Large, well-balanced hardwoods are especially
adapted to these sites.

7. Cedar-apple rust . Red cedar should not be planted within one mile
of existing apple or pear orchards; these species are subject to a

serious disease if growing in close proximity to red cedar. Some

states have laws pertaining to the planting of red cedar and apple

trees on contiguous areas, and these should be investigated before
planting of red cedar is undertaken.
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RESEARCH NEEDS

The recommendations contained in this publication

should be regarded as general and tentative, since the com-

pletion of current and proposed investigations may reveal

solutions to many problems relating to the reclamation of

strip-mined lands . In addition to continuing studies in the

adaptation of species to the varied site conditions, the fol-

lowing specific problems need further research;

1. Effects of leveling on growth and survival of forest

plantations

.

2. The effects of mixed, plantings and the role of
black locust as a nurse crop.

3. The range of acidity toxic to different tree spe-

cies, the effects of acidity on the productivity

of spoil materials, and methods of reducing the

area of toxic spoils.

4. Rate of weathering for each of the many kinds of

spoil materials occurring on strip-mined areas,

and the age of spoils before planting should be

undertaken.

5. Specifications of planting stock to meet the de-

mands of each major spoil type.

6. Seeding studies to explore the possibilities of

reducing reforestation costs by direct seeding,,

7. Care of plantations, such as release cuttings,

thinnings, pruning, and harvesting,,

SUPPLEMENTARY PUBLICATIONS

In addition to this publication dealing with regional

conditions and general classification of strip-mined lands,

separate papers are being prepared showing in detail the

character of strip-mined areas in each of the states in the
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region. Maps showing the location of coal-bearing formations

and strip-mined areas by spoil types are also being prepared

for some of the states. (See sample in Appendix, pg. 44).

As solutions to the problems listed in "Research Needs"

are found the information will be released as technical papers

or through other publication media.
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APPENDIX

Page

Sample Strip-Mine Reconnaissance Map 44

Detailed statistics by states and counties, showing
the following data:

1. Area of strip-mined land by acidity and
texture classes.

2. Area of strip-mined land by county and
soil texture and acidity class.

3. Area of strip-mined land by county and
character of vegetation.

4. Area of strip-mined land by county and
coal seam.

For Arkansas 45

For Illinois 49

For Indiana 53

For Iowa 57

For Kansas 60

For Kentucky .......... 64

For Missouri 68

For Ohio .72

For Oklahoma 76
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SAMPLE

Part of a County Strip-mine- Reconnaissance Map
SCALE: I INCH = I MILE

LEGEND

Acidity

Class

Textural Class
SANDY LOAMS a SILTY SHALES CLAYS

Spoil Type Symbol
TOXIC TS TL TC

MARGINAL MS ML MC

ACID AS AL AC

CALCAREOUS CS CL CC

MIXED MxS MZL MXC

OUTCROP NO. 5 COAL SEAM
" OUTCROP NO. 6 COAL SEAM

STRIP-MINED AREA

SPOIL TYPE



CO

<
CQ

S3

<
w

o
0)
CQ

CO

a!H
o

5
M
CD

-P

>-.

-P

•H
O
aj

s
•H

p.
•H
u
-P
m

o

I
I

I

I

-p

a
o

H
aj Ph
-p
o
Eh

CO

2
o
<

•p
pj
CD

o
>» U
a) CDH ftO

• CD

o CD

u
O
<;

-p
CO a

CD
o
M
CD

P-,

cd >>
O -P

CO

•H CD
J.

o
PQ <

O

>»
-P

O
d

o
d

o
o

o
d

o
a

t- -p

co

a co

-P rH

a) W
U ft

r.
05

ffl ±
CD O

•h rt

-p -p
XI

Vl-p a
ir\ «h
t- >
I r—I •

ox*, t-
IfN H »d

."SB
h" a ^xi
ffJ 5 ON -P
d -p • -h
•H NO >
bC to I

U oo O
Oj CD • H
ae h -=+ ir\

OJ

ON

CO

IfN

CM

ON

co'

8
IfN

CM

H

VO

i—

I

ITN ON i

than

,0

or

s^"
.d O
-P •

O

i
%

i
a cp 5

W -H J-l

05 3 CD
O XIH >R. fcC

05 © HO ITS 43

CO

IfN

VD

CO
CVJ

ITN

ITN

NO

CO
CVJ

IfN

ft U S3

ft

OO

o

O
d

oo

o

OO

o
d

IfN

- ^5 -



CO

<

<

-P

o
at

-d

P

Oj

-d
q
cd

-p
q
?
o
o

>=

q
H
Ti

3s

I

ft
•H
ft

P
O

CH
O

cd

a)

rH

s

0Q n i

L

r\
^.U vVJ

\ /•>

IXJ
K O 1

jr—

1

"
J

O
Eh < iH rf

ir\

5 i I

O
I
m

! :

i

03

I
! &
I

CO

I*

CO

a

oa t o

c

OJ

p

oo

o o o o o o o

o o o o o o o

o c o o c o o

o o o o o o o

o o o o o o o

Ho o OJ
OJ

o o o m
OJ
lf\

ON
OJ

o o o o
-4-

H

on
in

CO
-3-

o
ir-

OJ
OJ
rH

VDo
OJ

H

oo
lf\
•v

OJ

o o o es o o o

o o o o o o o

o o o o o o o

o o o o o o o

o o o o o o o

o o o o o o o

o o o o o o o

qH
H

O

P
a? CD -P
bO Ph
o o o
1-1 CO

«5
•H
-P
to

cd

(D

CO

«3

p
o
Eh

- 46 -



ARKANSAS

Table 6. --Area of strip-mined land by county and

character of vegetation

County- " Barren
]
Weeds, grasses,"

shrubs and
legumes

Forested :

Natural:Planted]
Total

Date
of

* estimate

Acres Acres Acres Acres Acres

Franklin 233 489 346 4 1,072 9/47

Johnson 335 223 114 672 9/47

Logan 4 7 11 22 9/47

Pope 50 21 5 76 9/47

Scott 111 11 122 8/47

Sebastian 8l6 173 217 1,206 8/47

Total 1,5^9 924 693 4 3A70
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ILLINOIS

Table 10. --Area of strip-mined land by county and

character of vegetation

County
]
Barren

\

Weeds, grasses, 1

shrubs and

legumes

Forested
:

Natural ^Planted"
Total

Bate

:
of

° estimate
•

A.CI 6b Acres Acres

J 1 1 00 73 7A6

JZl VJU^CL J. o 230 246 8/46

"Pul ton ^ .007 4,167 151 2,5oT 9,892 7/46

flrniTidV 1.378 1,764 73 3*379 9/46

TTpnTV 370 1.103 19o 073 2,342 7A6

TTfln popV 20 150 30 200 7/46

.Tfl r* lr oon 470 385 56 624 1.535 5/46

TTnoy 1.33Q 291 /\Q2o 706 2.364C , JUT 7/46

La SrITp 255^JJ 380 25 660 7/46

Pp t*t*v l 548 1 .^08 317 3.0*52 6.51*5 6/46

PanrJol TihX J-i-^A.W _i_ 1 1 270 253 89 508 1*120 5/46

St. Clair 280 768 101 287 1A36 6/46

Saline 8ll 876 50 213 1,950 7/46

Schuyler 24 2 1 27 7/46

Vermilion 501 1,293 814 29 2,637 9/46

Will 676 2,049 249 627 3,601 7/46

Williamson 1,160 374 38 271 1,843 6/46

Total 12,114 15,684 2,235 9,787 39,920
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IOWA

Table l8.

—

Area of strip-mined land "by county and,

character of vegetation

Gounty Barren
. Weeds, grasses,,

shrub8 and
legumes

•

Forested J

Natural; Planted !

Total

'. Date

:
of

. estimate

Acres Acres Acres Acres Acres

Davis 112 36 2 150 8A7

Mahaska 615 321 k2 Ik 992 8A7

Marion 5kk 370 65 2 981 8A7

Monroe 20 2 22 8AT

Wapello 147 18 3 168 8A7

Warren 65 87 3^ 186 8AT

Total 1,503 834 lk6 16 2,^99
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KANSAS

Table 21,

—

Area of strip-mined land by county and

character of vegetation

County

•

: Barren

° Weeds, grasses,
' shrubs and
° leglomes

; Forested
I Total

* Date

I
of

"estimate
\
Natural

:

Planted

Acres Acres Acres Acres Acres

Bourbon 360 1,060 456 1,876 8/46

Cherokee 3,096 2,338 579 lM9 7,482 7/46

Coffey 17 46 42 105 8/46

Crawford 5,968 5,011 1,949 856 13,784 7/46

Franklin 4 3 1 8 8/46

Labette 133 82 32 247 6/46

Linn 383 501 87 971 8/46

Osage 186 297 196 679 8/46

Wilson 3 24 3 30 9/46

Total 10,150 9,362 3,34? 2,325 25,182
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KENTUCKY
Table 25.

—

Area of strip-mined land fry county and

character of vegetation

bounty

• •

• Barx*6n •

• •
• •

Weeds, grasses,!

BxirUDB 8JJ.U,

legumes 1

*

Forested
;

Natural ;Planted

!

Total
! Date
. or
I estimate
•

Acres Acres Acres Acres Acres

Boyd 707 707 1/48

Christian 24 40 15 79 11/47

Hancock 94 4 1 99 1/48

Hopkins 2,195 687 270 21 3,773 9/47

Laurel 207 6 213 1/48

Letcher 197 2 199 11/47

McLean 11 5 16 11/47

Muhlenberg 601 64 80 745 11/47

Ohio 319 10 329 11/47

Perry 217 217 1/48

Pike 168 3 171 8/47

Webster 294 73 18 385 9/47

Whitley 290 44 334 8/47

Total 5,924 938- 384 21 7,267
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MISSOURI
Table 29-

—

Area of strip-mined land by county and

character of vegetation

County Barren
]Weeds, grasses,
* shrubs and
* legumes

Forested

.Natural : Planted

;

Total
Date

:
of

„ estimate

Acres Acres Acres Acres Acres

Barton 2,874 5,334 798 -J .J 9,039 9/46

Bates 2,543 1,537 1 5,006 10/46

Boone 157 . 10 170 10/46

Callaway 758 75 25 14 872 10/46

Dade 52 37 X 90 8/46

Henry 2Ms 2,007 346 2 4,798 10/46

Howard 35 28 7 70 10/46

Jasper 42 65 5 112 8/46

Johnson 207 48 18 273 11/46

Macon 160 616 24 800 10/46

Ba^.dolph 1,374 408 27 130 1,939 10/46

St. Clair 104 77 57 1 239 10/46

Vernon 1,195 598 285 10 2,088 9/46

Total 11,944 10,840 2,521 191 25,496
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OHIO

Table 33.

—

Area of strip-mined land by county and

character of vegetation

. Weeds, grasses,. Forested Date
County ! Barren ! shrubs and . j

Total! of
legumes . Natural

:

Planted estimate

Acres Acres Acre 8 Acres Acres

Athens 477 64 44 585 10/46
Belmont 1,164 617 17 7 1,805 8/47
Carroll 726 180 4 11 921 9/46
Columbiana 2,437 899 93 80 3,509 6/46
Coshocton 493 5 498 1/47
Pallia 16 10 2 28 9/46
Guernsey 167 95 5 18 285 1/47
Harrison 3,233 4,370 225 803 8,631 12/45
Hocking 477 83 25 585 12/46
Holmes 194 4 45 243 12/46
Jackson 303 15 42 360 9/46
Jefferson 3,314 1,754 842 342 6,252 11/45
Lawrence 32 32 9/46
Mahoning 519 95 1 615 7/46
Meigs 51 4 55 9/46
Morgan 74 1 75 12/46
Muskingum 726 157 131 270 1,284 8/47
Noble 251 25 276 12/46.

Perry 2,014 494 241 130 2,879 12/46
Portage 174 11 1 186 7/46
Stark 1,710 548 18 44 2,320 8/46
Tuscarawas 3,377 231 6 355 3,969 12/46
Vinton 660 79 13 752 9/46
Washington 8 8 12/46
Wayne 57 3 60 8/46

Total 22,654 9,744 1,710 2,105 36,213
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OKLAHOMA
Table 37.—Area of strip-mined land by county and

character of vegetation

County
. Barren

> occurs, grasses, .

shrubs and '.

legumes .

Forested

Natural : Planted!
Total

! Date

:
of

. estimate

Acres Acres Acres Acres Acres

Atoka 50 3 81 5/46

Coal 121 TOO
11 265 5/46

Craise l83 -L04- 22 389 5/46

jiasjiexj. 252 524 106 42 924 5/46

Latimer 2 8 4 14 5/46

Mayes 11 4 25 m 4/46

Muskogee 285 176 13 474 5/46

Okmulgee 62 74 13 149 5/46

Pittsburg 72 56 32 160 5/46

Eogers 1,284 507 98 5 1,894 4/46

Tulsa 513 466 174 98 •1,251 4/46

Wagoner 1,926 570 83 42 2,621 4/46

Total ^,782 2,759 563 212 8,316
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